To describe a metastable electrical dipole state in a biological system. Fröhlich suggested a nonlinear model potential. In this paper we investigate a system of two such dipoles coupled by a dipole-dipole interaction. M athem atically this model is described by two coupled nonlinear differential equations. In the investigation of the dynamics of the system we distinguish three solution types of the equations o f motion.
I. T h e M odel
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0341-0382/81/0900-0888 $01.00/0 and P2. Both o f them have a nonlinear potential o f the form ( 1 ) and they are coupled by a dipoledipole interaction P 1P 2/ e R 2. e is the dielectric constant, R is the distance between the two dipoles. The frequency dependence o f e has been taken into account by Genzel in a m odel o f linearly coupled harmonic dipole oscillators [5] .
In this investigation we only want to discuss the undamped behaviour o f the m odel, i.e. conservative system. The influence o f external fields and o f loss processes will be discussed in a forthcoming paper [6] , 
with can be deduced. P and /? have been transformed to new qualities, where m /e 2 and e are included.
ü . Steady States and Stability Investigations
Setting all time derivations of Eqs. (3) and (4) to zero we arrive at the steady states equations:
Eqs. (5), (6) are both of 5. order, in P , and P 2, respectively, therefore the system can have up to 25 steady states [7] , We restrict ourselves to an analytic investigation of the special case, P l = (TP P2 = P , where < tp = ± 1, corresponding to a parallel or anti parallel dipole configuration. With (7) the set of Eqs. (5) and (6) is reduced to
leading to the steady state solutions: 
From Eq. (10) it is obvious that only for X* ^ 1 we have a metastable state with not vanishing perma nent dipole moment P°v > 0. Therefore in the following we restrict ourselves to the case A < 1 where
Because only in this case we have for both values ± 1 of (TP possible not vanishing permanent dipoles PyP > 0.
To investigate the stability of the steady states we have to discuss the potential energy W (P 1, P 2). The result is shown in Fig. 2 . It turns out that at least three steady states are stable.
(7) HI. Dynamics of the Model
We want to discuss the dynamics of Eqs. (3), (4) by distinguishing three cases:
III. 1. Quasilinear case
Introducing a linear transformation P 1( t ) = P 10 + X 1( t ) , (13) P 2( t ) = P20 + X 2( t ) , (14) where (P 10, P20) is a minimum steady state, we get a set of equations in X 1 (t) and X 2(t) [7] : 
X2 (t) = a1 cos f a t + p j -a2 cos
where ax, a2 are constants, co1, co2 are linear eigenfrequencies of the system, <px is a constant phase and <p2 (/) is a harmonically variing phase function. In summarizing this approximation shows that the influence of nonlinearities leads to a periodic change of the momentary frequency co2 + (p2(t). On the average the nonlinearities do not change the harmonic behaviour. An example is given in Fig. 3 . In this case the oscillations repeat after t = 83. This shows the conformity with the approximative ana lytic solution above.
III. 2. General case
We solve the equations of motions (3) and (4) with the computer in a time interval (0, T). It turns out that the solutions exhibit an extreme sensitivity to the initial conditions [7] . In our case four differ ent types of solutions have been found with respect to the initial conditions.
a) Chaotic behaviour
In the interval (0, T) the solutions P l (t) and P 2 (t) are nonperiodic and bounded (vid. Fig. 4) . Neces sary is a strong coupling of the dipoles, which has been achieved by small values of the distance parameter R . The system exhibits a "flip" behav iour. The dipoles P 1 and P 2 interchange their position after a time-interval A t « 20.
b) Chaotic-periodic behaviour
One dipole shows a chaotic, the other dipole a periodic behaviour (vid. Fig. 5 ). Perturbations may occur because of the interaction energy.
c) Periodic-constant behaviour
Both dipoles are oscillating periodically. The relation of their amplitudes is about 1 to 10. This means that one dipole is nearly constant compared with the other one. Again perturbations in the time behaviour are caused by the interaction. A typical example is shown in Fig. 6. 
d) Periodic behaviour
Both dipoles are oscillating periodically and have amplitudes within the same order of magnitude, which can be seen from Fig. 7 . 
III.3. Quasi decoupled case
For large values of the distance parameter R the interaction energy P 1P 2/ R 3 becomes very small. This leads to almost autonomous behaviour of the two nearly decoupled dipoles P 1 and P 2, respective ly (vid. Fig. 8 ). The triangle like oscillation of the dipole P 2 shows the high nonlinearity of the system.
IV. Summary and Outlook
A significant result of our investigations is the occurrence of solutions, which are asymmetric with respect to the polarization P 1 and P 2. This is a non linear effect, since the equations of motion of the model are symmetric in P x and P 2. In our model this asymmetry can either be permanent or time dependent i.e. similar to a switch effect. This energy exchange may be of importance for biological sys tems.
If, for example, two biological units approach one another, one of them may be activated in a highly polar state which means, that energy is predomi nantly localized in one single degree of freedom of the entire system. Furthermore, the model has shown a high sensi tivity to initial conditions leading to different types of solution. This means, that small external per turbations can create a structural change in the system's behaviour, e.g. from chaotic to periodic behaviour. This effect may be of some importance for the extreme sensitivity of biological systems to electromagnetic radiation [9, 10] .
To discuss the influence of an external stimulus (e.g. electric field) we have extended the conserva tive model system towards a more realistic situa tion. This has been achieved by introducing both, a linear damping term and an external drive. In a forthcoming paper we will present some results of a quantitative investigation of the generalized model [6] . Though our models are rather crude approxi mations they exhibit a very specific behaviour which might be important for some typical pheno mena known from biological systems.
